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COMPLETE SPEOHCATION 



Improvements in or relating to Three-phase Magnetic Circuits 



' We. COMPAONIE GENERALE DEtECMCriE, 

a French body corporate, of 54. Kue la 
Boctie. Paris 8e. France, do hereby declare 
the invention, for which we pray that a 

5 patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described m and by tne 
following statement: . * * ♦i,^.^ 

The present invention relates to tnree- 

10 phase magnetic circuits and is more par- 
ucularhr, but not exclusively, concerned 
with three-phase magnetic circuits for elec- 
tric induction devices such as transformers 
utilising magnetic laminations havmg 

15 oriented crystals. . 
It has already been proposed to employ 
forms of magnetic dircuits having tlw three 
parallel cores disposed at 120\ about a 
oentral part and interconnected by star- 

20 shaped or triangular yokes. 

Of the various types of magnetic carcuits 
having triangular yokes, use is frequentty 
made, for example, of the type commsmg 
three single-phase drcuits linked together to 

25 form the complete three-phase circuit 

However, tms form of construction has 
serious disadvantages because, as a resutt 



by two triangular yokes so that the cores 
meet the yokes at the comers of the 
triangles, the said cores and yokes bemg 
formed of stacked and interleaved lamma- 
tions, wherein each core consists of two 
separate bundles of laminations which form _ 
between them a dihedral angle, one of 
which bundles is connected to a bundle 
from one of the other two cores and the 
other of which bundles is connected to a 55 
bundle from the remaining core, the c^- 
nections forming the yokes, so that aie 
assembly consisting of the three cores thus 
connected and of the yokes by which they 
are connected forms three substantially 
rectangular frames, each frame having 
upper and lower yoke portions imbricated 
by one or more laminations with the yoke 
portions of the other two frames. 

For a better understanding of the mv^- o5 
lion and to show how the same may be 
carried into effect reference wiU now be 
made to the accompanying drawings in 
which: — . . 

Figures 1 to 3 are views m perspective 70 
and to the same scale, showing the method 



^ " J »f in. Of thViagnetic circuit to an enlarged scale. 75 

Figure 5 is a view in perspective showing 
the coil windings disj^sed on the cores 
(formed from said laimnations) of a three- 
phase magnetic drcuit. 
The invention nas lor iis oDjeu. u, p.v,- Figure 6 is a view P^.siff 
p<^ th^hase magnetic drioits wfech enlarged s^e ^^^S^^^f ^^^^ of 
_^ 5j^j *ulZ^ /4:»«^«o*itocT<»c anH the lammations witmn a core, ana 



30 the component single-phase circmte, an m 
crease in the flux is produced with a con 
siderable increase in the losses. In addition, 
the proportion of third harmonics in the 
no-load current is very high. 

35 The invention has for its object to pro- 
pose three-phase magnetic drcuits which 
are not attended by these disadvantages and 
concerns more espedally the construction 
of magnetic circuits in which the flux cx- 

40 change surfaces between the parts consti- 
tuting the core and the yoke are large with 
minimum reluctaBce. 

Accordingly, the present invention pro- 
vides a three-phase riiagnetic drcuit com- 

45 prising three parallel cores interconnected 
[Price 3s. M.1 



the laminations within a core, and 

Figure 7 is a view in perspective of a 
three-phase magnetic drcuit having lamina^ 
tions of a different form. 85 

Hgures 1 to 3 show the way in which 
the cores and yoke arms are formed from 
an assembly of a number of series of three 
laminations. Figure 1 shows a first series 
of three laminations 1. 2 and 3 each of 90 
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which is bent over at 90". The first series 
is arranged to form a triangular magnetic 
circuit mth a second series of three lamina- 
tions 4, 5 and 6 which latter laminations 
5 are disposed on the first laminations and 
across them. For example lamination 6 
crosses over lamination 3» and overlies the 
terminal jportion of the yoke arm of 
lamination 2 as is shown at 11. . This imbri- 

10 cated arrangement of the laminations forms 
a substantiEiIly equilateral triangle. The fLux 
exchange re^ons between the parts con- 
stituting the core and the yoke are shown 
at 7, 8 and 9. The terminal portions of 

15 the yoke laminations overlap at 10, 11 and 
12 and thus form joints having a double 
overlap. The lamination 13 which forms 
part <^ a third smes of three laminations 
is disposed on the lamination 7 parallel to 

20 the lamination 1. Since the. laminations are 
bent over with a small radius of curvature, 
the length of the bent over part is small. 
Consequentiy the bending may be effected 
after the annealing of the laminations witii- 

25 out any substan^al increase in the total 
losses of the drcuit. 

The annealing will therefore be effected 
on the flat laminations, which is more 
desirable. Nevertheless, it is always possible 

3D to effect an annealing after the ben^g of 
the laminations. 

The laminations which are bent over 
, from a corp, to form each yoke win be 
referred to- herieinafter as a bundle of 

35 laminations. Thus a core is farmed &om 
two bundles of laminations. 

More series of laminations whidi are not 
shown in Figure 3 will be added to the 
^ three series illustrated, and they will prefer- 

40 ably be disposed to form the yokes in such 
manner that the laminations of one bundle 
ah^^nate regularly with the laminations of 
another bundle. However, the laminations 
' could also be differently disposed, provided 

45 that they are interleaved, that is to say that, 
in the yokes at le^t two laminations from 
each bundle have disposed between them 
more than one lamination from the other 
-.bundle. 

50 . One arrangemrat of the core is illustrated 
in Figure 4, and consists of two bundles of 
laminations separated . by an insulating 
plate 23 which extends lengthwise of the 
core between the bundles. Each bundle 

55 consists of a group of large laminations 24 
and groups of progressive small lamina- 
tions 25. The- inner edges of the lamina- 
tions 24 and the inner corners of the smaller 
' groups 25 bear agaiost tiie insulating plate 

60 23. A further insiilating member 26 also, 
extends l&ngChwiiBe of the core and is made 
preferably of wood. The plate 23 and mem- 
b^ 26 serve to locate and secure the 
; Jaminations within the core. The dihedral 

65 angle formed between the laminations of 



each bundle is obtuse and its opening is 
directed towards the centre of the assembled 
circuit 

A number of methods of constructing 
,the three-phase magnetic circuit of the 70 
invention are possible. Figures 5, 6 and 7 
illustrating three of Uiese metiods by way 
of example. 

Figure 5 shows the assembly of a three- 
phase magnetic circuit with the aid of 75 
.laminations bent over in the form of an L. 
The laminations of the lowermost yokes as — 
seen in Fig. 5 are first interleaved to form 
said yokes. The coils 14, 15 and 16 are 
thereafter ]placed on the cores thus formed 80 
and, as \ml be seen from Figure 5, the 
laminations, intended to form the upper 
yokes project upwardly from the coils 14, 
15 and 16. Said projecting end portions of 
the laminations are bent-over so the plane 85 
thereof lies- in a plane which is tracisverse 
to the axis of the core. That is laminations 
1, 2 and 3 are drformed as shown hi Figure 
5, and the remaining laminations are bent ^ 
over, in turn; to form an arrangement of 90 
laminations similar to tibat shown in Figures 
I to 3. When all of the laminations have 
been so deformed the cores of each pair of 
coils are connected by two parallel yoke 
arms, one at each end of the coO, th^eby 95 
completing the magnetic circuit between 
each pair of coils (a pair of ooils being 
coils 14. 15 or 14 and 16, or 15 and 1^. 

Figure 6 shows an arrangement <rf a " 
three-phase magnetic drcuit with the aid 100 
of laminations previously bent over in U- 
fbrm, \^erein the bases of the U*s form the 
yokes £uid the arms form the cores. The . 
circuit is arranged with the laminations 
interleaved in the- cores instead of in the 105 
yokes, and the upper l^ninations 27, 79 
and 31 are interleaved with . the lower 
laminations 28, 30 and 32, The arms of 
the U, which extend into the core are alter- " 
natefy of different lengths so as to allow 110 
for interleaving within the core.. For 
example, the arm of lamination 27 is longer 
than that of lamination 29 (Fig. 6). > 

Rgure 7 also illustrates the arrangement ' 
of a three-phase magnetic circuit with the 115 
aid of laminations previously bent over into 
the form of a U, but with iutcrieaving in 
the yokes. Each core is separately assembled - - 
with the parts of the corresponding yokes. 
The windings are then dire^ly wound on 120 
the cores. The three portions of the magnetic 
circuit are thereafter assembled by inter- 
leavmg the yokes, that is to say, 17 with 18, 
19 with 20 and 21 with 22 in. the case of 
the upper yokes, and in the same manner 125 
in the case of the lower yokes. A three- 
phase magnetic circuit is finally obtained 
which is arranged in triangidar form as 
shown in Figure 7. 

The cores thus consist of two bundles of 130 
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laminations disposed parallel and sra- 
rounded by the coils of tli& windings. The 
laminations of the two b\mdles have a 
common edge which foims an air gap over 
5 the entire height of the core. In the case 
of the illustrated constructional forms, the 
laminatians of two bundles of one core ^ 
disposed substantially at an angle of 120 . 
In a magnetic circuit each Iowa: and 
10 upper yoke takes the form of a triangle. la 
the case of the constructions illustrated, this 
triangle is equilateral, whidi has various 
known advantages, but the yokes may be 
arranged in any triangular form. 
15 The flux exchange regions between the 
three cones of the magnetic drcuit are dis- 
posed at the ends of each core at the pomts 
at which the laminations cross one another, 
^ that is to say, at the boundary of the cores 
^ and of the yokes. This arrangement has the 
advantage that it provides large flux 
exchange surfaces with low reluctance. 
WHAT WE CLAIM IS:— . . 
1. A three-phase magnetic circuit com- 
25 prising three paraUel cores interconnected 
by two triangular yt^es so that the cor^ 
meet the yokes at the comers of the tri- 
angles, the said cross and yokes being 
^ formed of stacked and interleaved lamina- 
^ tions, wherein each core consists of two 
separate bundles of laminations which form 
between them a dihedral angle, one of 
which bundles is connected to a bundle 
^4- from one of the other two cores and the 
odier of which bundles is connected to a 
bundle from the remaining core, the con- 
nections forming the yokes so that the 
assembly consisting of the three cores thus 
40 connected and of the yokes by which they 
are connected forms three substantially rec- 
tangular frames, each firame having its 
upper and lower yoke portions imbricated 
by one or more laminations with the yoke 



portions of the ofhex two frames. ^ 45 

2. A magnetic circuit as claimed in 
claim 1, wherein the dihedral angle is an 

btuse angle and the opeEiing thereof is 
directed towards the centres of said triangl^. 

3. A magnetic circuit as daimed in 50 
claim 1 or claim 2, wherein the bundles are 
held apart within the cores by means of an 
insulamig element placed therebetween, 

4. A magnetic circuit as claimed in any 
one of claims 1 to 3, wherdn the lamina- 55 
tions are bent over at the transition between 
core and jroke to form the anners of the 
magnetic circuit. 

5. A magnetic circuit as daimed in 
claim 4, wheran each core comprises 60 
laminations which, after bending-over at 
one comer of the magnetic circuit, extend 
into the associated yokes to intedeave with 
laminations from the other cares. 

6. A magnetic drcuit as daimed in 65 
claim 4. wherdn each of the yokes com- 
prises laminations \diich, after bending-over 

at one comer of the ma^iedc circuit, ext^d 
into the associated cores to interleave with 
laminations from the other yokes. ^ 70 

7. A magnetic circuit as daiined in 
daim 5 or claim 6, wherein each lamination 
is right-angled. . 

8. A magnetic circuit as claimed m 
daim 5 or claim 6, wherein each lamiuation 75 
is U-shaped. 

9. A threephase magnetic circmt, sub- 
stantially as hereinbefore described with 
reference to Figures 1 to 5, or Figme 6, or 
Figure 7 of the accompanying drawings. 80 

HASELTINE, LAKE & CO., 

28, Southampton Buildings. 
Caiancery Lane, London, W.C.2. 
Agents for the Applicants. 
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